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THE STUDY OF ROLLING PISTON, ROTARY COMPRESSOR DYNAMIC BEHAVIOR WHEN STOPPING 
TO REDUCE NOISE AND VIBRATION LEVEL 
Noriaki ISHII, Associate Professor, Faculty of Engineering, Osaka Electro-Communication University, Neyagawa, Osaka 572, JAPAN 
Kensaku IMAICHI, Professor, Faculty of Engineering Science, Osaka University, Toyonaka, Osaka 560, JAPAN 
ABSTRACT 
Shigeru MURAMATSU, Chief Engineer 
Masafumi FUKUSHIMA, Chief Engineer 
Hiroshi MATSUNAGA, Engineer, 
Compressor Division, 
(PANASONIC), Noji-cho, 
This study presents experimental results on the ro-
tary crankshaft behavior, the cylinder pressure and 
mechanical vibrations o£ a rolling-piston rotary 
compressor after shut down of the motor. It is 
shown as a conclusion that the most importantfactor 
characterizing transient compressor vibrations is 
the instantaneous crank angle at shut down of the 
motor, and with the instantaneous crank angle kept 
within a predetermined range, the transient compres-
sor vibrations and the associated noise generation 
are attenuated whenever the compressor is stopped, 
thus permitting a more stable shut-down process of 
the compressor. 
INTRODUCTION 
Since air conditioners are often operated in quiet 
surroundings and are frequently switched on and off depending on the necessity, the vibration and noise generation of the compressor, both during steady 
operation and at shut down, must be minimized. 
Recently, the rolling-piston rotary compressors are 
used in most low capacity air conditioners, due to its high volumetric and mechanical efficiency, 
coupled with its compact, lightweight design. At 
the previous Purdue Compressor Technology Confer-
ence, a steady state analysis of the dynamic behav-ior of a rolling-piston rotary compressor was pre-
sented [1). In the present study, the transient dynamic behavior of the compressor after shut down 
of the electric motor is examined. 
The dynamic behavior of a conventional reciprocat-ing compressor which was used, up to several years 
ago, in most low capacity air conditioners, has been 
carefully examined by several studies [2-9J. Some 
of the studies derived an invention entitled "Reci-procating Compressor Having a Cut-Off Device 
Operable within Predetermined Angular Range," which 
Matsushita Electric Industrial Co. Ltd. 
Kusatsu 525, JAPAN 
was registered as a patent in United States of 
America, Japan and Australia [lOJ, by K. Imasu, 
chief engineer of Matsushita Electric IndustrialCo. Ltd., in 1979. The invention relates to a compres-
sor and more practically, to the shut-down control 
of an electrically driven motor-compressor in which 
transient vibration of the compressor componentsand 
motor due to inertia force after shut down of the 
motor is kept to a minimal level. In the conven-
tional reciprocating compressors, commonly, a motor-
compressor unit is spring-suspended within a closed housing to form a vibration-absorbing spring system. It is quite natural that whenever the compressor is 
stopped, fairly large amplitude vibrations tend to 
take place, thus giving rise to abnormal noises, 
mainly due to spring-suspended compressor components 
striking against surrounding structures in the hous-ing. In a conventional design, accordingly, thevi-bration attenuating effect during steady operation 
of the compressor has to be sacrificed to a certain 
extent, such as an increase of the spring constant 
for preventing large amplitude vibrations after shut down of the motor, or sufficient space resulting in 
a higher cost and larger size of the compressor has 
to be provided to prevent the compressor components from striking against the surrounding structures. 
In order to solve these disadvantages, thetransient 
compressor vibrations after shut down of the motor 
were carefully examined. As a result, it was re-
vealed that they are characterized by the instan-
taneous crank angle at shut down of the motor, and 
a shut-down control .system of the compressor in 
which the motor is shut down within a predetermined 
angular range is fairly effective for minimizing 
the transient compressor vibrations. 
Since the rolling-piston, rotary compressor has few 
reciprocation elements, the vibrations at shut down 
are fairly improved. However, strictly speaking, an 
unbalanced inertia force about the crankshaft vi-brates a spring-suspended closed housing in which a 
compressor unit is fixed. Therefore, it may be 
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said that the rotary compressor also has more or 
less the same disadvantages as the conventional re-
ciprocating compressors. The essential purpose of 
the present study is to examine whether or not the 
same device as the shut-down control system of the 
reciprocating compressors is applicable for. the ro-
tary compressor. For this purpose, transient vi-
brations of the rotary compressor after. shut-down 
of the motor are measured. It is shown as a result 
that they exhibits a remarkable regularity, depend-
ing on the instantaneous crank angle at shut downof 
the motor., thus permitting stable shut down with the 
same device as the shut-down control system of the 
reciprocating compressors. The second purpose of 
this study is to reveal what rotary crankshaft be-
havior induces such regular transient vibrations. 
For this purpose, the rotary crankshaft behaviorand 
the cylinder pressure after shut down of the motor 
are measured in detail. Since it is seen from the 
properties of the transient vibrations that a vibra-
tion amplitude increases after Lhe first reversero-
tation of the crankshaft, special attention is paid 
to the reverse rotation behavior of the crankshaft, 
thus examining the reverse rotation crank angles, 
their elapsed time from shut down of the motor and 
the maximum reverse rotation speeds. Furthermore, 
on the basis of measured cylinder pressure and some 
results of a steady state analysis on compressor vi-
bration [lJ, the reverse rotation behavior of the 










Fig.l Cross section of 
rolling-piston rotary 
compressor 
Fig.2 General view of 
closed housing 
Fig.3 Underside view of A-A' 
cutting plane 
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ROLLING-PISTON, ROTATY COMPRESSOR 
Fig. l shows a cross section of a single-cylinder 
refrigerant compressor of the rolling-piston rotary 
type (refrigerating capacity 1755 kcal/h), which 
was chosen as the subject of this study. Fig. 2 
shows a general view of the closed housing in which 
the motor and the compressor components are fixed. 
The housing is suspended mainly with three coiled 
springs. The mass of the whole compressor is 8.7 
kg and the diameter of the housing is 110 mm; its 
length is 212 mm. The vertical crankshaft is se-
cured at its upper portion to the motor rotor. The 
motor power is 0.55 kW and the average operating 
speed is 57 Hz when the compressor operates under 
load of the suction mean pressure 0.37 MPa and the 
discharge pressure 1.55 MPa. The refrigerant R-22 
is drawn into the cylinder through accumulator. 
The compressed refrigerant is discharged in the hous-
ing and so the housing inside is under high pres-
sure. The high pressure refrigerant in the housing 
is transfered to a condenser through the discharge 
pipe attached to the top of the housing. Fig. 3 
shows an underside view of the A-A' cutting plane 
shown in Fig. 1. The bore of the cylinder is 39 
mm; its depth is 28 mm, and the outside diameter of 
the rolling-piston is 32.5; its eccentricity is 
3.26 mm. The cylinder chamber is devided into the 
suction chamber (downside) and the compression 
chamber (upside) by a reciprocating blade with 
thickness of 3.2 mm. The blade tip is pushed on 
the rolling-piston by S-spring force and higher gas 
pressure in the housing. The suction port has no 
valve and the discharge port has a leaf valve. 
COMPRESSOR VIBRATION AFTER SHUT DOWN OF MOTOR 
Fig. 4 shows an outline of a shut-down control sys-
tem, by which the motor is shut down at a desired 
rotating crank angle. Firstly, an anaogue signal 
Vf which synchronizes precisely with rotation of 
the crankshaft is obtained by processing a vibra-
tory acceleration Va of the compressor by a low-
pass filter. The signal V f is processed by a signal 
conditioner to obtain a pulse signal Vsc• On the 
basis of this pulse signal, a cynchronizingcircuit 
provides a signal Vsy, by which a delay time 6t 
Vo _ ___,Oelll"---~~] 
OfF 
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Fig.S Rotary vibration response after shut down of motor 
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Flg.6 Maximum amplitude of 
rotary vibration response Fig.9 Downside view of compressor 
Fig.lO Dynamic Behavior in 
constant operation 
from a pulse signal of Vsc to shut down of the power 
source Vp is determined. The pulse signal synchro-
nizes with a certain rotating crank angle which can 
be calculated on the basis o£ a higher-frequency vi-
braUon response in Va- Therefore, the shut down of 
the power source can be set at a desired crank angle, 
by adjusting the delay time 6t. 
Since the rotary compressor has few reciprocating 
elements, a predominant component of the compressor 
vibrations is the rotary vibration about the crank-
shaft. Fig. 5 shows the rotary vibration response 
after shut down of the motor, which was measured at 
the point B shown in Fig. 1, on the housing outside 
surface. The switching-of£ crank angle Bcr is -177° 
in (a), -27° in (b) and +35° in (c). The zero de-gree of Bcr represents the top dead center. Each 
diagram shows two analogue data of the vibratory ac-
celeration detected by an accelerometer (B & K Type 
4344) and the displacement processed by a condition-ing amplifier (B & K Type 2626). Since the acceler-
ation provides an impulsive, higher frequency re-
sponse whenever the crankshaft rotates reversely, 
the first reverse rotation can be easily found as 
shown by "1-R. r.." The displacement in (a) increases 
rapidly after the first reverse rotation, and its 
maximum amplitude reaches 5 mm. On the contrary, the displacement in (b) does not increase so large and 
moreover the displacement in (c) is very small. 
Their maximum amplitude is 3.2 mm and 2.2 mm respec-
tively. Fig. 6 shows the regular characteristics of 
such a maximum amplitude, depending on the swi. tch-
ing-off crank angle 8cr· The maximum amplitude may 
be classified grossly into two groups; an intensevi-
bration between -260° and -80° and a weak vibration 
between -80° and +100°. 
ROTARY CRANKSHAFT BEHAVIOR AFTER SHUT DOWN OF MOTOR 
In order to reveal what rotary crankshaft behavior 
causes the compressor vibration properties shown in 
Fig. 6, a flanged housing which permits measurement 
of the crankshaft rotation and the associated cylin-
der pressure was made, as shown in Fig. 7. The mass 
of added flange is 10 kg, and so the inertia moment 
of the whole compressor about the crankshaft axis is 36.6 N·cm•s 2 which is larger by 26.6 N·cm·s 2 than 
the whole compressor without flange. Fig. 8 is an 
upside view of the motor which shows a device tome8-
sure the crankshaft rotation. A thin aluminum disk 
with 72 slits is attached on the motor rota~ and a 
photo-coupler comprising a photo-transisterand a 
photo-diode is fixed on the housing inside. Fig. 9 is a downside view of the compressor, in which the 
two quartz pressure transducers (Kisler, 601A) for detecting the compression-side and suction-side 
pressure are attached to the lower crank journal. 
Two pressure holes of 1 mm which lead to the suction 
chamber and th~ compression chamber respectively, are 
made in the lower crank journal just near the recip-
rocating blade. The length of the pressure holes 




























behavior after shut down 
100 Time m• 
(c) ecr=+67 .5° 
of motor 
Fig.l2 
(a) 8cr=-157. 5° (b) 8cr=-10. 0 ° 
Turning crank angle and angular velocity of crankshaft after 
which were calculated from crank-pulses analogue data 
(c) 8cr-=+67 .5° 
shut down of motor, 
about 18 mm. 
Fig.lO shows the analogue data in constant operat-
ion, which were recorded on an electromagnetic 
oscillograph. The first curve shows the cylinder 
pressure in the compression chamber which changes 
from 0,26 MPa to 1.68 MPa, and the second shows the 
cylinder pressure in the suction chamber which 
changes from 0,30 MPa to 0,37 MPa. The third curve 
shows the superposed signal of the pulses represent-
ing the turning crank angle, and the electric input 
current. The pulse interval corresponds to the ro-
tating crank angle 5°, The top dead center is in-
dicated by "T.D.C .• " The forth curve shows the ro-
tary vibration on the point B shown in Fig, 1. This 
vibration signal is not appropriate for examining 
the low frequency component synchronizing with the 
crankshaft rotation, since the inertia moment of the 
flanged housing is larger by 3.66 times than that 
of the housing without flange. However, this accel-
eration comprises such an impulsive higher-frequency 
response as indicated by Vt, and it arises just 
when the crankshaft passes "T.D.C .. " Therefore, 
this phenomenon is useful for examining the rotary 
crankshaft behavior, and for example, it was used to 
calculate the turning crank angle at the pulse sig-
nal Vsc in Fig. 4. 
When the motor was shut down during constant opera-
tion, the rotary crankshaft behavior after shut down 
exhibited three main patterns. Fig. 11 shows their 
analogue data,and Fig. 12 shows the digital data of 
rhe turning crank angle 8 and the angular velocity 
8 of the crankshaft which were obtained by process-
ing each pulse signal: the third curve in Fig. 11. 
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The switching crank angle 8cr was -157.5° in (a), 
-10.0° in (b) and +67,5° in (c). The abscissa is 
the elapsed time. The time at which the motor was 
shut down is known from waves of the electric input 
current and is indicated by zero on the abscissa. 
The energy in the rotating crankshaft at that in-
stant is consumed in compressing the refrigerant, 
mechanical friction, oil pump, and gas leakage from 
piston or blade clearance, in three or four revolu-
tions of the crankshaft. In the diagram (a): 8cr= 
-157,5°, after 103,4 ms has elapsed, the crankshaft 
can not pass the top dead center and the rolling-
piston rotary mechanism temporarily stops at 8=220° 
in the compression stroke, At that time, the gas 
force in the cylinder and the blade force pushing the 
rolling-piston work to revolve the crankshaft in the 
reverse direction, and so the crankshaft starts to 
make rever~e rotation. The maximum speed of reverse 
rotation l8rmaxl reaches 87.3 rad/s (13.9 Hz). as 
seen from (a) in Fig. 12, and interestingly enough, 
the crankshaft passes the top dead center, after 
166.6 ms has elapsed. This passing is known from 
"T.D.C." signal on the crank pulses, and from a 
slight increase of the suction-side cylinder pres-
sure which is indicated by Pst· The first reverse 
rotation continues during 107 ms. The second re-
verse rotation arises at 8=220° , after 212 ms; the 
third at 8=275° , after 271 ms; and the forth at 8= 
230° , after 329 ms. Lastly, the crankshaft stops 
at 8=240 ° , after LJ.46 ms. Whenever the crankshaft 
starts to make a reverse rotation, the vibratory 
acceleration: the forth curve in Fig.ll, provides 
the impulsive responses indicated by Vt, Vz. andV3, 
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Fig.l3 Elapsed time of reverse rota-
tion, after shut down of motor 
Fig.14 Turning crank angle of 
reverse rotation 
Fig.lS Maximum speed of reverse 
rotation 
and hence the elapsed time of the reverse revolu-
tions was able to be calculated exactly. In the 
diagram (b): 8cr=-10.0°,.the crankshaft starts to 
make a reverse rotation at 8=260°, after 86.2 ms. 
However, the crankshaft can not pass the top dead 
c~nter. The maximum speed of reverse rotation 
l8rmaxl is 45.1 rad/s (7.2 Hz) which is about the 
half of the previous value: 87.3 rad/s in 8cr= 
-157.5°. The first reverse rotation continues dur-
ing 52 ms, The second reverse rotation arises at 
155°, after 139 ms; the third at 215°, after 197ms; 
and lastly, the crankshaft stops at 180°, after 246 
ms. In the diagram (c); 8cr=+67.5°, the crankshaft 
temporarily stops at 8=320°, after 84.9 ms. At that 
time, the gas force and the blade force work to re-
volve the crankshaft in the reverse direction. 
However, the crankshaft cannot start to make a re-
verse rotation and it suddenly stops. 
As seen from the above description on the threemain 
patterns of the crankshaft behavior, the mainfac-
tors representing the reverse rotation behavior of 
the crankshaft are the elapsed time and the crank 
angle at which the crankshaft starts to make a re-
verse rotation, and the maximum speed of reversero-
tation, Therefore, the experimental data and re-
sults on these factors were pigeonholed in Figs. 13, 
14, and 15, respectively. The abscissa is the 
switching-off crank angle Scr and it was set at 31 
different crank angles. In Figs. 13 and 14, the 
first reverse rotation is shown by •• the second by 
D, the third by +, and the forth by o. The entire 
stop is shown by*· The reverse rotation behavior 
depends entirely on theswitch-off crank angle and 
it may be classified into the following three 
groups: the first is an intense reverse rotation 
group in -260°<8cr<-97°, the second a weak reverse 
rotation group in -97°<8cr<39°, and the third asud-
den stop group in 39°<8cr<l00°, as indicated in 
these figures. Each group shows the fol1owingprop-
erties, 
The intense reverse rotation group; After the time 
between 97 ms and 125 ms has elapsed (see Fig. 13), 
the crankshaft starts to make the first reverse ro-
tation at the crank angle between l90° and 240° (see 
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Fig, 14). As shown in Fig. 15, the maximum speed of 
the reverse rotation reaches the fairly large value 
between 66.2 rad/s (10.5 Hz) and 87.0 rad/s (13.9 Hz). 
Hence, the reverse rotation is so intense that the 
crankshaft can pass the top dead center (0 deg. of 
the ordinate), as seen from Fig. 14. The second re-
verse rotation arises at the crank angle between 
-105° and ~140°. The continued time from the first 
reverse rotation to the second is between 108 ms and 
169 ms, as seen from Fig. 13. After that, as shown 
in Fig. 14, the crankshaft repeats some reverse re-· 
volutions at the crank angle between -85° and -135°, 
and the crankshaft lastly stops. The elapsed time 
is between 394 ms and 455 ms, as shown in Fig. 13. 
The weak reverse rotation group: After the time be-
tween 80 ms and 92 ms has elapsed (see Fig. 13), the 
crankshaft starts to make the first reverse rotation 
at the crank angle between 240° and 310° (see Fig, 
14). As shown in Fig. 15, the maximum speed of the 
reverse rotation has a smaller value between 21.0 
rad/s (3.3 Hz) and 61.2 rad/s (9.7 Hz), compared 
with the values in the intense reverse rotation 
group. Hence, the reverse rotation is so weak that 
the crankshaft cannot pass the top dead center, as 
seen from Fig. 14. The second reverse rotation 
arises at the crank angle between 115° and 180°, 
As seen from Fig. 13, the continued time of the 
first reverse rotation is about 52 ms and it isless 
than about the half of the continued time (108 msto 
169 ms) in the intense reverse rotation group. Af-
ter that, the crankshaft makes the third reversero-
tation at the crank angle between 200° and 235° and 
lastly stops near the crank angle, as shown in Fig. 
14. The elapsed time of the entire stop is between 
234 ms and 298 ms, as shown in Fig. 13, 
The sudden stop group: After the time between 84.9 
ms and 107. 7 rns has elapsed (see Fig. 13) , the crank-
shaft suddenly stops at the crank angle between 310° 
and 360° (the top dead center), as shown in Fig, 14. 
DISCUSSION OF RESULTS 
Comparing the maximum speed of the reverse rotation 
of the crankshaft which was shown in Fig.l5 with the 
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was shown in Fig.6, it is seen that there exists a 
striking agreement between them: the intense reverse 
rotation group in Fig.l5 corresponds to the intense 
vibration group in Fig,6, and on the other hand, the 
two groups of the weak reverse rotation and the sud-
den stop in Fig.15 correspond to the weak vibration 
group in Fig.6. There exists a difference between 
the boundary crank angle -97° in Fig.l5 and the 
boundary -80°in Fig.6, and its difference is a neg-
ligible order due to experimental errors. Therefore, 
it may be concluded that the reverse rotation behav-
ior of the crankshaft, which possesses a high regu-
rality shown in Figs. 13, 14 and 15, induced the 
regular compressor vibration shown in Fig,6. 
Subsequently, an interest should be taken in what 
mechanism induced such regular reverse rotation be-
havior of the crankshaft. In order to explain the 
mechanism, Fig. 16 shows some results of a steady 
state analysis on compressor vibration [1]: theload-
ing torque due to the cylinder pressure, due to the 
blade motion, and due to the crank-journal friction. 
The resultant cylinder pressure force Fp and the blade 
force Fvn. which act on the rolling-piston, are 
shown in Fig. 17. The direction of Fp passes on 
the rolling-piston center Op from the compression-
side chamber (right) to the suction-side chamber ( 
left) and is perpendicular to the secant AB of the 
rolling-piston. Hence, the loading torque Lcp due 
to the cylinder pressure is given by 
- - il~f-< 
Lcp = eF,sin-2 - • • ·"" • • • • ·" •- (1) 
in which e is the eccentricity of Op from the cylin-
der center 0, 9 is the turning crank angle of the 
rolling-piston from the blade center axis x in the 
counter-clockwise direction, and s is the turning 
crank angle of the line joining Op and the blade tip 
center Ov from the x-axis in the clockwise direc-
tion. Fp is entirely determined by the measuredcyl-
inder pressure shown in Fig. 10. The change of the 
suction-side cylinder pressure is very small, com-
pared with the larger change of the compression-side 
cylinder pressure. Hence, the loading torque Lcp 
changes, mainly depending on the compression-side 
cylinder pressure. The calculated result is shown 
in Fig. 16. The torque Lcp increases from zero, as 
the crankshaft turns. The steap peak of 3.5 Nm ap-
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pears at the crank angle 6=220°, and after that, 
the torque decreases to zero. This steap peak cor-
responds to the highest peak of the compression-side 
cylinder pressure shown in Fig. 10. Therefore, af-
ter this steap peak has appeared, the compressedre-
frigerant gas in the cylinder is discharged. The 
main force component which induces the loading 
torque due to the blade motion is the blade force 
Fvn (see Fig. 17), and its direction naturally 
passes on Op- Hence, the loading torque Lbm due to 
the blade motion is given by 
Lbm =- eF •• sin(e+e> ......... • ..... (2) 
Fvn can be given by solving an exact equation of 
motion of the rolling-piston crank mechanism, and 
the previous study [ll has shown its calculated re-
sult (ref. Fig.14 in [ll). On the basis of there-
sult, the torque Lbm shown in Fig. 16 can beobtain-
ed. Lbm behaves like a negative sine wave, as seen 
also from the expression (2): At the first half cy-
cle, the torque has a negative value which means 
that the blade force induces the driving torque; at 
the last half cycle, the torque has a positive val-
ue which means that the blade force induces the 
loading torque. The maximal value of Lbm is ~0.4 
Nm. The loading torque Lcjf due to the crank-jour-
nal friction, which is shown in Fig. 16, can be 
calculated as follows: When the resultant cylinder 
pressure force Fp and the blade force Fvn are cal-
culated, the crank-journal load Fen can be obtained 
(ref. Fig.l4 in [lJ). Furthermore, it may be con-
cluded from the previous study [ll that the crank-
journal friction is mainly subjected to the 
Coulomb's law of friction and the coefficient of 
friction ~ takes 0,04, On the basis of these mat-
ters, the loading torque Lcjf can be calculated 
from the following form 
Lcjf=sgn((h·~Ferfrs .......... (3) 
in which rs represents the radius of the crank-
shaft: 8,0 mm, The calculated curve of Lcjf is 
almost similar with the curve of Lcp; its maximal 
value is 0.4 Nm (see Fig. 16). 
It is naturally considered that those results shown 
in Fig. 16 represent roughly the torque acting on 
the crankshaft when it starts to make the first 
reverse rotation. Hence, the following significant information on the first reverse rotation behavior 
of the crankshaft can be obtained from those re-
sults. 
The intense reverse rotation group: The group has 
the first reverse rotation crank-angle region be-
tween 190° and 240° (see Fig. 14). Its crank-angle 
region is indicated in Fig. 16. In this region, the 
torque Lcp due to the cylinder pressure is very 
large, and the potential energy stored in the com-
pressed refrigerant in the cylinder is also large, 
since no amount of the compressed refrigerant has 
been discharged or amount of the discharged refrig-
erant is very small. This large torque induces the 
intense reverse rotation of the crankshaft, and the 
stored large potential energy keeps its intense re-
verse rotation. Of course, the torque Lbm due to 
the blade motion works to help the reverse rotation, 
and the torque Lcjf due to the crank-journal fric-
tion works to prevent the crankshaft from making the 
reverse rotation. After the crankshaft has passed 
the lower dead center (8~180°), the torque Lcjf de-
creases as small as negligible, and the torque Lbm 
works to prevent the crankshaft from making the re-
verse rotation. 
The weak reverse rotation group: The first reverse 
rotation crank-angle region (240°<8<310°) is indi-
cated in Fig. 16. In this region, the torque Lcpis 
smaller than the previous group, except a narrow 
region near 8~240°. Moreover, since large amountof 
the compressed refrigerant in the cylinder has been 
discharged, the potential energy stored in the com-
pressed refrigerant in the cylinder is smaller than 
the previous group. Therefore, the crankshaft can 
not make the _reverse rotation so intensively as the 
previous group. 
The sudden stop group: The first reverse rotation 
crank-angle region (310°<8<360°) is indicated in 
Fig. 16. When the crankshaft temporarily stops be-
fore top dead center, the frictional state naturally 
changes from the dynamic friction to the static. 
It has been examined in the previous study [6J that 
the coefficient of the static friction in refriger-
ant compressors takes about 0.16. So, the fric-
tional torque due to the crank-journal static fric-
tion at the temporal stop shows a value four times 
as much as the value of Lcjf shown in Fig. 16. 
Therefore, the sum of the torque Lcp and Lbm cannot 
overcome the frictional torque at temporal stop, 
thus permitting the sudden stop of the mechanism. 
Next, close observation of the cylinder pressure af-
ter the first reverse rotation has started, is help-ful for understanding the crankshaft behavior toward 
the second reverse rotation. The analogue curves of 
the cylinder pressure has been shown in Fig. 11. 
The suction-side pressure is almost constant during 
reverse rotation, because the suction port has no 
valve. The slow change of the analogue curves has 
no meaning, since it was mainly caused by a temper-
ature change. On comparing the two compression-side 
pressure curves shown in the diagrams (a) and (b) of Fig. 11, there exists a great difference between 
them. The cylinder pressure P1 at the begining of 
the first reverse rotation is almost same between 
them and nearly equal to the discharge mean pressure (1.5 MPa), of which values are plotted at the ab-
scissa Scr=-157.5° and -10.0° of Fig. 18 by the sign 
•· As the crankshaft turns reversely, the pressure 
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P1 decreases. The pressure P1 in (a) of Fig. ll ap-
proaches Po which is nearly equal to the suction 
mean pressure (0.37 MPa), as the crankshaft rotates 
toward the top dead center. Hence, the cylinder 
pressure does not become lower than the suction mean pressure, before the crankshaft passes the top dead 
center. After the crankshaft has passed the top dead center, the torque Lbm due to the blade force 
accelerates the crankshaft. Then, the cylinderpres-
sure decreases from the suction mean pressure to P2 
=0.13 MPa at the second reverse rotation. On the 
other hand, P1 in (b) has decreased to the suction 
mean pressure at the crank angle 8= about 180°, and 
after that, the pressure decreases furthermore toP 2 
=0.17 MPa. The values of P0 and Pz are plotted in 
Fig. 18, by the sign o and _. , respectively. From 
these facts, it is evident that in the case (a), the 
cylinder pressure works to continuously help the re-
verse rotation until the crankshaft passes the top dead center, thus permitting passage of the top dead 
center; and on the contrary, in the case (b), the 
cylinder pressure works to prevent the crankshaft 
from carrying on the reverse rotation after the 
crankshaft has turned to a certain extent, thus 
making the second reverse rotation before passing 
the top dead center. It is clear that the difference 
of the pressure properties described above naturally depends on a foregoing difference of the potential 
energy stored in the compressed refrigerant in the 
cylinder, at temporal stop. All data examined on 
the cylinder-pressure properties are plotted in Fig. 
18. The data in the intense reverse rotation group 
show the similar tendency with the case (a) of Fig. 
11, and the data in the weak reverse rotation group 
also show the similar tendency with the case (b). 
Even when the steady operating conditions of the 
compressor: the discharge mean pressure and the suc-
tion mean pressure, are different from those in this 
study, the essential properties of the compressor 
when it stops do not change. That is, the samechar-
acteristics of the first reverse-rotation crank-
angle as shown in Fig. 14 will appear, of course, in 
a different switching-off crank-angle region. There-
fore, the same discussions as described above are 
applicable again for the cases under different oper-
ating conditions of the compressor. In order that 
the function of the shut-down control system shown 
in Fig. 4 be most effective, some circuit detecting 
the operating conditions should be added to the con-
trol system. 
CONCLUSIONS 
This paper dealt with the dynamic behavior of a · 
rolling-piston rotatJ compressor when it stopsunder 
the constant-operating conditions (the discharge 
mean pressure 1,55 MPa and the suction mean pressure 
0.37 MPa), to reduce vibration and noise level, and 
it has been made clear that: 
1 The rotary vibration behavior of the compressor 
after shut down of the motor is entirely determined by the instantaneous crank angle at shut down, and 
it is classified into two groups named "Intense vi-
bration group" and "Weak vibration group." 
2 The intense vibrations of the compressor are 
caused by the ·crankshaft rotation behavior after the 
first reverse rotation. 
3 The reverse rotation bahavior of the crankshaft 
is entirely determined by the instant~neous crank 
angle at shut down of the motor, and it is classi-
fied into three groups named "Intense reverse ro-
tation group," "Weak reverse rotation group," and 
"Sudden stop group." The first group appears when 
the first reverse-rotation crank-angle is between 
190° and 240°, the second between 240° and 310°, and 
the third between 310° and 360°. 
4 When the first reverse rotation of the crank-
shaft starts to make, the intense reverse rotation 
group has a large reverse rotation torque mainlydue 
to the compression-side cylinder pressure, and more-
over has a high potential energy stored in the com-
pressed refrigerant in the cylinder. Therefore, the 
reverse rotation is so intense that the crankshaft 
passes the top dead center. On the contrary, the 
weak reverse rotation group has a reverse rotation 
torque and a potential energy which are smallerthan 
the first group. So, the reverse rotation is so 
weak that the crankshaft cannot pass the top dead 
center. In the sudden stop group, the reverse ro-
t~tion torque is very small and so it cannot over-
come a static frictional torque at the crank-jour-
nal, thus permitting a sudden stop of the crank-
shaft. 
5 The intense reverse rotation group of thecrank-
shaft behavior induces the intense vibration group 
of the compressor, and both the weak reverse ro-
tation group and the sudden stop group result inthe 
weak vibration group. 
As concluded above, the dynamic behavior of the com-
pressor after shut down of the motor has a highreg-
ularity depending on the instantaneous crank angle 
at shut down, thus permitting a stable shut-down 
process of the compressor by making use of a shut-
down control system, for instance, presented in 
this study. 
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